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Today, a lot of research is being done to determine the top smart cities in the world. Most 
of this research work rank the cities on the basis of qualitative analysis. Qualitative 
methods typically use subjective judgment and not statistical data and therefore, 
although, they may provide valuable findings, it is difficult to prove the results. Our work 
is a step towards performing quantitative analysis to rank and compare smart cities. We 
randomly selected four smart cities and used their open data to figure out if we really 
have data that can be used to perform quantitative analysis to compare them. We focused 
on the ‘transportation’ dimensionality and devised a method to extract information from 
open data. Our method is also independent of dimensionality and data and therefore can 
be applied to other dimensionalities to gather an overall picture of the smart cities and 
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The ‘Internet of Things’ is the concept of basically connecting any device to the internet 
[67]. This includes cellphones, coffee makers, washing machines, refrigerators, wearable 
devices and almost anything else that we can think of.  It is fast evolving today and is used 
across consumer (smart home, wearable technology), commercial (medical and health care, 
transportation), industrial (manufacturing, agriculture) and infrastructural spaces (energy 
management, environmental management, management of cities) [5]. Managing cities with 
the Internet of Things enables engineers to build smart cities with optimized city functions 
and economic growth, and the aim of quality of life of its citizens [6]. The Internet of 
Things also allows researchers to collect data from the connected devices, sensors, citizens 
and other assets which can be processed to analyze, monitor and further improve the 
transportation systems, power plants, water supply networks, waste management, crime 
detection, information systems, schools, libraries, hospitals and other community services 
[7].  
 
Because of the benefits that smart cities provide to their citizens, a lot of interest has been 
generated to make more cities smarter, more connected and more automated. Cities like 





automated to connect various devices and sensors enabling services like parking search, 
environmental monitoring, digital city agenda and more [5]. The Americas region as a 
whole is projected to reach 32% of the global smart cities information and communication 
technologies (ICT) spend by 2023, or $60.6 billion, according to the IDC [68]. In United 
States, New York, NY is leading smart city on several lists. New York has Automated 
Meter Reading (AMR) which provides city better data on water consumption, water leaks 
and water quality to efficiently manage water usage and quality [20]. Pittsburgh, PA 
implemented a network of smart traffic lights to reduce traffic congestion and better 
manage the traffic [68]. The European Union has devised strategy for achieving ‘smart’ 
urban growth for its metropolitan city regions [8] [9]. The EU has developed many 
programs under Europe’s Digital Agenda [10] and in 2010, the EU highlighted its focus on 
strengthening innovation and investment in Information and Communication Technology 
(ICT) services in order to improve public services and quality of life [9]. Arup estimates 
that the global market for smart urban services will exceed $400 billion per annum by 2020 
[11]. Some more examples of cities where smart city technologies and programs have been 
implemented are Singapore [12], Dubai [13], Milton Keynes [14], Southampton [15], 
Amsterdam [16], Barcelona [17], Madrid [18] and Stockholm [19].    
 
With the progress of Information and Communication Technology in building smart cities, 
a lot of research is being done to determine the top smart cities in the world [25]. There are 
a lot of articles which list and rank smart cities in the world [1][2][21][22][23][24]. Most 
of these articles and research works rank the cities based on qualitative analysis on the 





Qualitative analysis uses subjective judgement based on non-quantifiable information such 
as management expertise, industry cycles and labor relations [26]. It refers to the meanings, 
concepts, definitions, characteristics, symbols and description of things and not to their 
counts or measures [27]. Qualitative analysis allows subject materials to be evaluated in 
greater detail, the data may have predictive quality and it is based on human experiences 
and observations [28]. However, because it is very subjective, the data or the results may 
not be very accurate. It is also extremely difficult to determine the subjectivity or rigidity, 
or the perspectives involved in the data collected as well as the research results [28]. They 
also lack statistical representation. Therefore, qualitative methods may provide valuable 
findings, but it is very difficult to present and prove them [28].      
1.2 Objectives  
 
The objective of this research is to perform quantitative research and use numerical data to 
find out similarities and dissimilarities between some of the major cities of the world. Some 
of the benefits of quantitative research are that it offers reliable information as well as 
generalized findings [69]. The data collection is always comparatively faster, and it can 
also provide accurate findings with large data sample unlike qualitative analysis [69]. The 
sample in quantitative analysis are randomized which provides a benefit that the 
information supplied through the research can be applied to the rest of the population group 
under the study [69]. The focus of this research will be to find the similarities and 
dissimilarities between four cities – Boston, Chicago, Singapore and Barcelona based on 





1.3 Research Questions 
 
RQ1: To find out similarities or dissimilarities, the data should be comparable at the least. 
Therefore, one of the main research questions is to find out if we really have the data to 
compare the cities. If we do, then the subsequent step will be to calculate the similarities 
and dissimilarities.  
RQ2: Are there enough data similarities among various cities that can enable the 
comparison of cities against known smartness indices?  
 
There is a possibility that we may not find similar data or parameters to compare the cities. 
However, if we find significant comparable data, then those data will help us to understand 
and determine which cities are making progress in terms of smart technologies and such 
aspects. Survey shows that there is not much in similarities in data being gathered by cities. 
To look at this question a bit deeper, we wanted to check the different types of data that 
cities are gathering and see if they are comparable enough to enable ranking them for 
smartness and other qualitative measures. For that we collected open data of the smart 
cities, prepared metadata for various categories and then prepared a comparison chart to 




Section 2- Literature Review 
 
To understand the literature on smart cities, we performed analysis with findings from 
various sources like International Standards Organizations for smart city documents; 
Google Scholar and SCOPUS, with the combination of terms like “smart city”, “model” 
and “assessment”. We searched for articles (appearance of smart city concepts in literature) 
within the period of 1997 to early 2019. From more than 200 articles, we screened the 
articles by leaving out irrelevant publications (like “urban growth assessment”). 
 
2.1 What is a smart city? 
 
The term smart city is appearing in the literature since 1998 [27] [28] from the urban 
simulations and knowledge bases and it is still evolving to eco-cities [29]. Since 1998, 
smart cities’ definition has ranged from mesh metropolitan information and 
communication technology (ICT) environments [28]; to various ICT attributes in a city 
[32] [31]; to urban living labs [30]; or to the “smartness footprint” of a city, which is 
measured with indexes such as, the education level of its inhabitants, the innovative spirit 
of its enterprises, etc. [33]. All these different definitions indicate different interpretations, 
perspectives, school of thoughts, approaches and open-endedness of this term with respect 
to the researchers. Therefore, the term, “smart city” can be considered as confusing with 
regard to its meaning and context [28].  





A city well performing in a forward-looking way in economy, people, governance, mobility, environment, 
and living, built on the smart combination of endowments and activities of self-decisive, independent and 
aware citizens. [33] 
A city that monitors and integrates conditions of all of its critical infrastructures, including roads, bridges, 
tunnels, rails, subways, airports, seaports, communications, water, power, even major buildings, can 
better optimize its resources, plan its preventive maintenance activities, and monitor security aspects while 
maximizing services to its citizens. [34] 
A city “connecting the physical infrastructure, the IT infrastructure, the social infrastructure, and the 
business infrastructure to leverage the collective intelligence of the city” [35] 
A city striving to make itself “smarter” (more efficient, sustainable, equitable, and livable) [36] 
A city “combining ICT and Web 2.0 technology with other organizational, design and planning efforts to 
dematerialize and speed up bureaucratic processes and help to identify new, innovative solutions to city 
management complexity, in order to improve sustainability and livability.” [37] 
“The use of Smart Computing technologies to make the critical infrastructure components and services of 
a city––which include city administration, education, healthcare, public safety, real estate, transportation, 
and utilities––more intelligent, interconnected, and efficient” [38] 
Table 2.1 Smart city definitions 
 
2.2 Domains of Smart City 
 
Considering so many different definitions of smart city, Anthopoulos[39], conducted an 
extensive literature review to understand the domains of a smart city. Anthopoulos 
found that various authors and researchers have analyzed smart cities with respect to 
different domains.  Neirotti et al. [40] defined two classification domains for smart city 
theory with regard to exploitation of tangible and intangible urban assets: Hard domain 





transportation, buildings, health care and safety issues. Soft domain includes education, 
society, government and economy. From their domain analysis, they concluded six 
application domains for smart city: natural resources and energy, transport and 
mobility, buildings, living, government, and economy and people. This six-domain 
model comes in contrast to the six main challenges to managing an urban community: 
providing an economic base, building efficient urban infrastructure, improving the 
quality of life and place, ensuring social integration, conserving natural environmental 
qualities, and guaranteeing good governance [41].  Piro et al. [42] analyzed European 
cities and addressed nine smart growth areas: transportation, government, safety, 
society, health care, education, buildings and urban planning, environment, energy, and 
water. Furthermore, Desouza et al. [43] performed a smart city classification with 
regard to their resilience and they identified seven domains which concern resources, 
physical, people, institutions, processes, activities, and social. Moreover, Lee et al. 
(2014) introduced their framework for smart city analysis, which is rather economic 
oriented and consists of seven dimensions: urban openness, service innovation, 
partnerships formation, urban proactiveness, infrastructure integration, and 
governance. Wey et al. [44] on the other hand introduces a nine principles’ model, most 
of which aligns to the aforementioned application domains, while it does not focus on 
government issues. Their work seems to extend Giffinger et al.’s [33] urban smartness 
“footprint” measurement model, with the incorporation of two more domains: urban 
infrastructure and social coherency. Makaddam et al. [45] also provided the six 
dimensions of smart city based on Giffinger’s report: smart economy, smart mobility, 





on the other hand conceptualized smart cities on the basis of the three dimensions: 
Technology, people and institutions.  
With the above analysis, there are seven domains for smart city on a high level: 
Transportation, Urban Infrastructure, Living, Government, Economy and Coherence 
[39]. From these domains we have applied our methodology on the transportation 
domain to compare the similarities and dissimilarities between the smart cities. Our 
methodology is domain independent and therefore, can be applied on any other, in 
future.  
 
2.3 Which smart cities? 
 
There are a lot of cities pursuing the smart city strategy. The Intelligent community 
forum (ICF) conducts research, creates conference content, publishes information, 
recognizes smart communities and presents annual awards to a) explain the emergence, 
b) share the best practices of communities to help other communities speed their own 
development and c) and to celebrate the achievements of communities that have 
overcome the challenges [47]. ICF determines 21 communities every year based on the 
Intelligent Community Index questionnaire submitted by large and small communities 
around the world [47]. Table 2.2 presents 21 communities selected by ICF for last five 
years: 
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Montreal, Canada New Taipei City, 
Taiwan 
       Table 2.2 21 smart communities selected by ICF for last five years 
 
From so many smart cities we randomly selected four smart cities for this project: 





independent, but also independent of the cities. It can be applied on any other city in 
future. The main aim in this research is to determine if the quantitative analysis we 
perform provides data to compare the smart cities.  
2.4 Methods to rank cities on smartness 
 
Giffinger et al. introduced a ‘Smart City ranking’ approach which helps to judge cities’ 
strengths and weaknesses and to define their goals and strategies for future development 
and better positioning [48]. Here, first they identify the characteristics of city rankings. 
Then, a selected number of city rankings are analyzed in order to identify different types 
of such rankings. Then they describe the methods of sequencing systematically in order to 
identify potential benefits and limits of rankings. In the next step they provide their own 
ranking approach for European medium-sized cities. The four objectives used for this 
approach are (1) transparent ranking of a selected group of cities (2) elaboration and 
illustration of specific characteristics and profiles of every city (3) the encouraging of 
benchmarking between selected cities (4) identification of strengths and weaknesses for 
strategic discussion and policy advice. This ranking approach was also used in 2007 by 
Giffinger, et al. for European medium-sized cities [49]. 
  
Giffinger et al. explain that ranking the cities not only helps to assess the attractiveness but 
can also be used by the cities themselves to sharpen their profile and to improve their 
position with respect to competition with other cities. This study was first of its kind to 
focus on medium-sized cities unlike others international comparative analysis. They 
selected 70 cities for their study based on a couple of criteria – a) Cities should be of 





derived 74 indicators from public and freely available data, which jointly describe the 
factors of a smart city. They ranked the cities by comparing them on the basis of these 
indicators. They, however, did not describe how exactly they chose 74 indicators and on 
what basis they determined that those indicators jointly described factors of a smart city. 
With that respect, it is difficult to validate their findings. [49] 
Garau et al. did a quantitative analysis to provide an objective assessment of smart 
mobility. This paper highlights the efficiency and effectiveness for the actions taken in the 
field of smart mobility. They chose 17 Italian cities to carry out this experiment. They 
constructed two types of indicators, Measurable and on/off indicators which can 
quantitative analyze the mobility on six variables of mobility. They adopted aggregation 
methodology to present these indicators after standardizing the indicators. Following the 
results of aggregation, they ranked the Italian cities based on their smartness. Also, these 
results can provide indication on improving urban mobility [50]. Like Giffinger et al. [49], 
this study also did not describe how they selected 2 indicators and 6 variables to analyze 
smartness. They consider certain factors that affect mobility, but they do not check how 
each element contributes to the smartness of the analyzed cities. 
Sharma et.al proposes an Indian smart city ranking model like Giffinger et al. [49] who 
introduces European medium sized smart cities ranking model. They also used same 
number of eight indicators and 80 dimensions as Giffinger et al. The Giffinger et.al model 
cannot be directly applied to rank Indian city. As the dimensions and its indicator needs to 
be adopted according to the sub-continent of India. The information collected regarding 
Indian cities are having different information and different pattern. So, the new smart city 





Profile, Economic Profile, Infrastructure Profile, E-Governance & computerization, 
Finance, Environmental, Progress Track, Security, and 80 indicators. Then, Distance-
Based Algorithm was used to give positioning status. Their proposed model for the Indian 
smart city gives measurement and markers to the rank Indian urban city. [51] 
2.4.1 Different modelling approaches for comparison 
 
Anthopoulos et. al analyze the existing smart cities models and benchmarking methods. 
They analyze that most of the models are heterogeneous with some overlapping factor. [54] 
While the common factor between these models are six dimensions [45], for comparing 
smart cities various organizations and scholars have used different modelling approaches 
as shown in Table 2.3. 
 Model Dimensions 
IBM [55] Nine Pillar Models Smarter 
City Equation 
 
Planning and Management Services 
Infrastructure Services Human Services 
Instrumentation (the transformation of 
urban phenomena into data) + 
Interconnection (of data) + Intelligence 
(brought by software) 
ITU [56] 
 
Smart Sustainable City Key 
Performance Indicators 
 
Environmental Sustainability, Productivity, 
Quality of Life, Equity and Social Inclusion, 
Infrastructure development 
UN Habitat [57] 
 
Dimensions of City 
Prosperity 
 
Productivity and the Prosperity of Cities, 
Urban Infrastructure: Bedrock of Prosperity, 





and the Prosperity of Cities, Environmental 
Sustainability and the Prosperity of Cities 
Chourabi et. al [32] 
 




Organization, technology, governance, 
policy, people and communities, 




ISO 37120 Sustainable 
development of Communities 
Indicators for city services 
and quality of life 
 
Economy, Education, Energy, Environment, 
Finance, Fire and Emergency Response, 
Governance, Health, Recreation, Safety, 
Shelter, Solid Waste, Telecommunication 
and Innovation, Transportation, Urban 
Planning, Wastewater, water and sanitation 
Neirotti et al. [40] 
 
Smart City domains 
 
Natural resources and energy, Transport and 
mobility, Buildings, Living, Government, 
Economy and people 
Lee et al. [59] 
 
Framework for smart city 
analysis 
 
Urban Openness, Service Innovation, 
Partnerships Formation, Urban 
Proactiveness, Smart city infrastructure 
integration, Smart city governance 
 Table 2.3 Smart city modeling approaches              
 
Chourabi et. al [32] propose a comprehensive set of factors to build a framework to 
understand the smart city concept. Their goal is not only to rank smart cities, but to create 





explain the relationships and influences between these factors. This framework is also 
useful to know about the influential factor in different times and in different context. The 
factors in their proposed framework are represented in two different levels of influence to 
show different level of impact. Outer factors (governance, people and communities, natural 
environment, infrastructure, and economy) are in some way filtered or influenced more 
than influential inner factors (technology, management, and policy) before affecting the 
success of smart city initiatives. This framework suggests directions and agendas for smart 
city research. Likewise, Neirotti et. al explain the classification of smart city by six domains 
and its sub-domain [40]. Lee et. al [59] develop a conceptual framework to better 
understand smart city practices and more effectively to identify and assess gaps where 
adaptation and improvement may be needed. They analyzed two leading cases from the 
U.S. and Asia through the lens of this new framework to identify heterogeneous 
characteristics in the process of planning and developing a smart city. Their research 
consists of 6 key conceptual dimensions and 17 sub-dimensions of smart city. 
2.4.2 Benchmarking methods 
 
Benchmarking methods are used to compare smart cities with each other based on various 
factors. Table 3 provides an overview of benchmarking methods aimed at measuring smart 
cities from different perspectives, such as sustainability [60]; global city performance [61]; 
resilience [53]; local government effectiveness [62]; urban competitiveness [63]; and good 
urban governance [64]. With regards to the 6 dimensions of smart city, only [66] defined a 
model with corresponding indices in an attempt to assess urban intelligence. 
 










21 ECOXXI Indicators, grouped in the 
following sectors: Sustainable, Development 
Education, Marine and Coastal Environment 
Institutions, Nature Conservation and 
Biodiversity, Forest Planning, Air, Water, 
Waste, Energy, Transport, Noise, Agriculture, 
Tourism 
Kourtit et al. [61] 
 
Global City Performance 
Measurement Indexes 
 
Economy, Research and Development, 
Cultural Interaction, Livability, Environment, 
Accessibility 
Desouza and Flanery 
[53] 
 
Resilience City Evaluation 
and Implementation 
Framework 
City components: Resources and Processes 
(Physical) People, Institutions, Activities 
(Social) 




Social, Economic, Environmental and 
Government criteria 




Physical Environment, Social Capital, 
Finance, Development, Investment, User 
Potential 
UN Habitat [64] 
 
Good Urban Governance 
indicators 
Effectiveness, Equity, Participation, 
Accountability, Security 
Lazaroiu et al. [65] 
 
Model for computing “the 
smart city” indices 
Economy, Mobility, Environment, People, 
Living, Governance 
Duarte et al. [66] 
 
Digital City Assessment 
Framework 
Connectivity, Accessibility, and 
Communicability 






2.4.3 Quantitative approaches 
 
Debnath et. al develop a methodological framework which allows comparative analysis 
among smart cities. The framework involves three key steps: 1) formulating a proper 
concept of smartness in the context of urban transport system, by specifying some basic 
and advanced smartness capabilities. 2) generating a generic matrix of indicators of 
smartness and 3) measuring smartness indices from scores of the indicators. The smart 
capabilities are used to identify the indicators of smartness. Under every smart capability, 
each sub-system could have multiple items, each of which is presented in a single cell. 
Each cell of the matrix consists of two components: (1) a description of smart capability 
that a technology should possess and (2) the Extent to which a smart technology is 
available. The primary reason for developing a smartness indicators matrix is to relatively 
identify smartness of the sub-systems across categories of the smart capabilities. To 
benchmark smart transport cities, a composite scoring system is developed to measure the 
smartness index (SI) of a city’s transportation system. However, this framework does not 
list the generic indicators which can match the dynamically changing society [52]. 
Manville et. al used a conventional approach to study smart cities of Europe. They analyzed 
the factors contributing to the success of Smart City initiatives [45] that are at the basis of 
a Smart city. Smart city initiatives are a subset of actions that contribute to the definition 
of a Smart City. [33][34][35][36][37][38]. Initially, they considered 468 cities with over 
1,00,000 population from 28 member states of Europe. Each of these cities were selected 
by assessing the level of smart city initiatives [40]. On the basis of this initial analysis, they 
identified 240 cities based on the definition and characteristics of smart cities. From the 





geographical location and status of the city. The projects in this sample were clustered into 
five characteristic types: neighborhood units, testbed micro infrastructures, intelligent 
traffic systems, resource management systems and participation platforms. Then they 
performed quantitative analyses on the sample of 20 cities and the dashboard was 
developed for each of the 20 sample cities. This dashboard for each city is used to examine 
the impacts of initiative on EU2020 and contributions of characteristics. They six of the 
cities were further analyzed to identify potential smart city solutions by doing cluster 
analysis on smart city initiatives. However, in their analyses determining the level of 
success for a city, in relation to its ‘Smartness’, is limited by the availability of data and 













Section 3 - Methodology 
 
Our first step in this research was to perform literature review and understand how smart 
cities are compared and ranked currently. That research originated the idea of performing 
quantitative analysis to compare the smart cities. To collect the data, we first looked at the 
open data of many smart cities like New York, Boston, Chicago, Zurich etc. Our next step 
was to decide the cities we will use in our project for quantitative analysis. We randomly 
chose four smart cities – Boston, Chicago, Barcelona and Singapore. Following are the 
reasons for randomly selecting the four cities: 
i) We did not want to select the cities based on any bias, preference or order.  
ii) The primary thing in this project is the methodology followed rather than the 
cities selected. The methodology can be applied to any number of cities to 
perform this analysis. 
With the above reasons, we do not know if we will find comparable data between these 
cities to find out their similarities and dissimilarities. One of the main aims of this project 
is to figure out whether we find comparable data between the smart cities.  



















3.1 Prepare initial Metadata 
 
Post selecting the cities, we collected open data for all of them. Open data for cities has 
various categories like Geospatial, City Services, Education, Financial, Environment, 
Public Health, Transportation, Facilities, economy etc. We prepared metadata based on all 
the categories that were available in the metadata. Following diagram shows the metadata 
of one category for all the four cities. 
  
Fig. 3.2 Boston Metadata for Geospatial Category 
 
 







   Fig. 3.4 Singapore Metadata for Economy Category 
 
 
   Fig. 3.5 Barcelona Metadata for Transportation Category 
 
3.2 Select one category 
 
The metadata collected for all the cities was a lot of data. It would not have been feasible 
to analyze data for all the categories at once. Therefore, it was important to select one 
category and focus on refining its metadata so that we can use that metadata to compare 
the four cities with respect to the selected category. 
We selected the ‘transportation’ category for this analysis. Unlike the selection of cities, 
the selection of the category was not completely random. We first found out which 
categories were common in all the four cities. From these categories, we selected 





the cities. Moreover, the methodology which we will follow can be applied on other 
categories also.  
3.3 Compare the metadata for the ‘transportation’ category 
 
With the metadata prepared in the first step, we tried to determine the similarities and 
dissimilarities between the cities. However, we hardly found any comparable data between 
these cities. [We realized that we will have to refine the metadata further so as to accurately 
determine whether the cities have any comparable data between them.] We therefore 
decided to dig in a little deeper and collect more metadata with an aim to see if we can find 
useful and comparable data.  
3.4 Collect more metadata 
 
During our first phase of collecting metadata as explained in section 3.1, we collected the 
metadata from open data available online. In our next phase, we did not want to follow the 
same approach. We decided to collect answers of the following three questions for every 
dataset: 
i) Who are the top three users? 
ii) What are the top three reasons for why this data is collected? 
iii) What they are using it for? 
 
The reason for using this approach and above questions was to see if finding answers to 
such questions helps us find any connections or links between the datasets which in turn 





Fig. 3.6 below shows sample report for Singapore’s traffic related data with answers to all 
the three questions. Likewise, we collected this information for all the datasets.  
 
 
Fig. 3.6 Sample Analysis report 
      
3.5 The comparison chart 
 
Our final step then was to use the metadata collected in section 3.1 and 3.4 and find similar 
datasets across the four cities and determine the following: 





ii) Relation with other cities 
Using the above properties, we created an excel chart which gave a clear picture of the 
relations between the cities as well as whether the dataset has enough information to be 
used in any quantitative analysis. 
 
3.5.1 The usefulness and completeness of the available metadata 
 
We decided the usefulness and completeness of the metadata based on the following five 
factors. We graded every dataset based on these factors. Every factor has a weightage of 1 
and therefore the maximum grade a dataset would get is a grade of 5 indicating satisfactory 
information available for all the five factors.  
i) Number of records in the metadata collected in section 3.1  
The total number of records for a dataset is an important factor as that information would 
typically help to further analyze the data. If this information is not adequate, then it would 
be difficult to further analyze and find relations with other cities.  
ii) Number of columns in the meta collected in section 3.1 
Like number of rows, number of columns is also a very important factor. There were some 
datasets which very few columns providing very little information like the id and the page 
views. That much information will not be sufficient for further analysis and find relations 
with other cities.  
iii) Uses and users of the dataset 
These correspond to the questions 1 and 3 covered in the section 3.4. Collecting this 
information is also important as it helps to know the users as well as the use of the dataset.  





This corresponds to the question 2 covered in the section 3.4 is again important as it helps 
to figure out why the data for the dataset is collected at first place. 
v) When dataset was last updated 
It is also important to work with the latest and the updated data rather than old data. We 
therefore collected this information and gave point 1 if the last updated date was at least in 
2017. If the date was older than 2017, we assigned a grade lower than 1.    
 
3.5.2 Relation with other cities 
 
We also determined if the dataset for one city is related with dataset of the other cities. This 
is determined purely on the basis of the similarity between the information present for the 
datasets. This property will eventually help to figure out the relationships and 







Section 4: Results 
 
For the comparison chart, we used datasets related to some of the common transportation 
segments like road traffic, bicycles, car parking, streetlights and bus routes. We graded 
such datasets as explained in section 3.5.1 and also showed if they are related to other 
cities. Figure 4.1 shows the results. 
 
 
Fig. 4.1. The comparison chart 
 
Every cell in the table has two components: 1) A number and 2) Comma separated 
numbers in square bracket. The first number in the cell is the grade for the dataset 
corresponding to the particular city and the comma separated numbers in square bracket 
denote the cities with which that dataset is related to. For example, the cell value “3[2,4]” 







4.1 Explanation for the grades 
 
For Barcelona’s dataset Traffic state information by sections of the city of Barcelona, the 
value is 3[] which indicates that the grade is 3 and the dataset is not related with other 
cities’ datasets. The grade 3 is because the dataset has only tram related data and there is 
no information about why the data is being collected. Also, there is limited information 
about the users and uses of the dataset. Therefore, the dataset gets the grade of 1, 0.5, 0.5, 
0, 1 which makes a total of 3. Similarly, Singapore’s dataset Road Traffic Conditions 
during Peak Hours gets a grade of 3.5 because the dataset has two tables – one updated in 
2014 and other one updated in 2017 and the table updated in 2014 has a smaller number 
of rows and columns. Therefore, partial credit was provided for number of rows, number 
of columns and last updated date which makes the grades as 0.5, 0.5, 1, 1, 0.5. Therefore, 
the total grade became 3.5. However, this dataset is related to the datasets of Chicago and 
Boston. Figure 4.2 provides the reason for every grade shown in the figure 4.1. 
 
 





Section 5: Conclusion and Future work 
 
Our comparison chart consists of a limited number of datasets out of so many datasets we 
had for all the four cities. While typically, it would be ideal to prepare the comparison 
chart for all the datasets of the four cities, our main aim here was to figure out if we have 
the data which can further be used for quantitative analysis. We did not need all the 
datasets in the comparison chart, instead, we only needed as many datasets which would 
help us figure out whether the data is useful enough or not. We therefore tried to use 
datasets belonging to some of the most common areas of the transportation 
dimensionality like traffic, bicycles, parking, streetlights and bus service. We wanted to 
see if we could determine some relationship between the cities based on such common 
transportation areas. The comparison chart helped us figure out exactly that. It will be 
difficult to find common datasets across all the cities. We can see in the excel sheet of the 
comparison chart that there are many cells where three cities are related, for example, 
cells B7, B10, B13, C4, C7, C10 and so on. This indicates that finding some datasets 
related to three of the cities would be easier. However, if we try to find cells which have 
four related cities, we found that there are only one such cell – C13. This indicates that 
finding datasets related to all the four cities would be very difficult. Therefore, one 
approach would be to compare three cities based on the common datasets and we 





Another major finding of the comparison chart is that there is quantifiable information for 
all the datasets, indicating that we have the data which can be further used for 
quantitative analysis. This answers our first research question which was about whether 
we have the data to help compare the cities. While we do know that we have the data for 
quantitative analysis, performing the quantitative analysis is out of scope for this research 
work. We consider that as part of our future work.  
In this research, we also lay a base methodology which can be used to answer the 
research questions for any other dimensionality of smart cities. None of our steps were 
dependent on the data or any of the datasets. Our methodology can be applied on any 
other dimensionality and can be used and extended for any research work related to 
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